The 
Introduction
Wireless Body Area network has great potential to revolutionize the future of medical technology. There is strong demand from medical and health care societies as well as information and communication technology (ICT) industries for introducing the WBAN technology. WBAN is the promising technology which use light weight, small size, ultra low power and intelligent sensors usually placed in(implanted) and around(wearable or placed closed to) the body. These sensors measure and process physiological signs of body and transmit them to the control unit (CU) without constraining the activities of the wearer. Doctors and caregivers can access the collected data for real-time diagnosis and trigger the treatment procedures in return. This increases the comfort level of the patient by freeing them from the need to be connected to hospital equipments that are required to monitor their conditions. This also prevents patient from any kind of sudden attack. WBANs could also play a huge role in military, competitive and non competitive athletics [2] .
In 1996, Wireless body area network (WBAN) was first presented by T. G. Zimmerman. In April 2009, IEEE P802.15 working group for wireless Personal area networks (WPANs) has developed a channel model (IEEE 802.15.6) for WBAN which is for medical and non-medical devices that could be placed inside or on the surface of human body [3] . The fading power profile is generated in terms of received power with respect to transmit power, which is based on NICTA's (National Information and Communication Technology Australia) measurement results [2] .
To design and develop a competent and reliable system suitable for WBAN, a knowledge of a radio propagation channel as well as a simple and generic channel model are inevitably required.
The organisation of paper is done as follow:
In the next section, brief description of WBAN channel model and terms related to it are given. Subsequently, the simulation methodology is followed by the result and discussions. The paper is finally concluded in the last section.
WBAN Channel Model
In the WBAN systems, information propagates as electromagnetic waves from devices that are close to or inside the human body. The propagating wave experiences fading which is caused by energy absorption, reflection, diffraction and shadowing by body tissues and body posture. So, the human body is never an ideal medium for the propagation of radio waves. The multipath due to the environment around the body is also one of the factors causing fading which makes the channel models for WBAN different from the ones in the other environments.
The static path loss and impulse response models for the wearable and implantable WBAN includes miniature antennas are presented in [4] . These models are already contributed to IEEE 802.15.6. According to IEEE 802.15.6 document (Channel Model for Body Area Network), three types of nodes can be there: 1) Implant node: A node that is placed inside the human body. This could be immediately below the skin to further deeper inside the body tissue. 2) Body Surface node: A node that is placed on the surface of the human skin or at most 2 centimeters away. 3) External node (Gateway Node): A node that is not in contact with human skin (between a few centimeters and up to 5 meters away from the body). A list of scenarios can be identified in which IEEE802.15.6 devices will be operating. These scenarios along with their description and frequency bands are listed in Table 1 . The scenarios are determined based on the location of the communicating nodes (i.e., implant, body surface and external). The scenarios are grouped into classes that can be represented by the Channel Models (CM). This model is a statistical model and uses all the measurements carried out for CM1 and CM2 by NIST and NICT in [9] . This paper uses the fading power profile of WBAN channel which includes fading and path losses [2] .
Fading
In the WBAN communications, propagation paths can experience fading due to different reasons, such as energy absorption, reflection, diffraction, shadowing by body, and body posture and the multipath signal due to the environment around the body. Fading can be categorized into two categories  small scale fading  large scale fading Small scale fading is caused by rapid fluctuations in the amplitude and phase of the received signal within a small local area in small period of time due to small changes in location of the on-body device or body positions. It occurs due to variation in the relative position between transmitter and receiver [2] .
Large scale fading refers to the signal attenuation due to mobility over larger areas. It occurs due to variation in distance covered by signal between antenna positioned on the body and external node (home, office, etc.,) because of diffraction from large surrounding objects.
Path Loss
In WBAN, path loss is both distance and frequency dependent. The path loss model between the transmitting and the receiving antennas can be represented as a function of the distance (d).Based on the Friis formula [1] in free space path loss in dB is expressed by (1) as follows
Where PL o is the path loss at a reference distance d o , and n is the path -loss exponent.
Shadowing
Shadowing is the process of blocking of signal by large objects which are encountered due to the variation in the environment surrounding the body or even due to movement of the body parts. It causes variation in path loss of signal from that of mean value for a given distance as shown in (1) . When considering shadowing, the total path loss i.e., PL can be expressed by (2) 
Combining (1) and (2), total path loss is
Outage Probability (OP)
The OP is a standard performance measure of the quality of the transmission operating over fading channels. The OP can be given as the probability that the receiver performs poorly than a specified threshold BER. The signal outage probability is defined as the probability that the instantaneous SNR falls below a certain threshold, ℎ i.e., [5] 
Bit Error Rate
The bit error rate is the ratio of number of error bits to the total transferred bits during a time interval for which the performance is measured. It is also called bit error ratio (BER).The probability of bit error rate is an approximate estimation of bit error rate and is calculated as follows:
M-ary PAM:
The probability of symbol error is
The average bit probability error is
M-ary BOK:
where γ = γ b log(M)/ log(2) is the SNR per symbol and γ b is the received SNR per information bit.
Simulation Methodology
Simulation is the process of designing a model of a real system and conducting experiments with this model for the purpose of understanding the behavior of the system and for evaluating various parameters for the operation of the system. However it is not possible to model every parameter of human body channel through commonly used formulas in other wireless channels because of its complex tissue structure but major parameters have been taken into considerations. Also measurement of various human body parameters is not an easy task. So it is necessary to design channel model using standard measurements and in this channel model all measurements, i.e., sample rate, spreading bandwidth etc. are taken from NICTA channel measurements. Since the performance analysis of the WBAN receiver is based on statistical model of the channel [7] . The simulation model is used here to statistically generate the fading power profile of WBAN channel [3] . In order to generate an initial signal, that matches the desired fading statistics using order statistics, the following steps are being used. 
Result and Discussion
In this section, the performance of channel models (CM1 & CM2) of wireless body area network is presented in terms of fading profile, outage probability and BER using MICS band of frequency ranging from 402MHz to 405MHz.
Fading Power Profile
Extensive simulations have been carried out in this work to observe the variations of the channel fading in terms of carrier frequency within the constraints specified by NIST and NICT in [6] . From the description of the simulation model given in the previous section, fading power profile of WBAN channel for different values of carrier frequency for CM1 and CM2 have been plotted in Figure 1 . Channel gain represents the gain in the power of the signal while transferring the data from transmitter end to receiver end. As the value of the channel gain is always negative in the graphs, it represent that there is loss in power of signal while travelling of signal from transmitter to receiver i.e. there is fading of the signal. C h a n n e l g a i n f r o m d e e p i m p l a n t t o o n -b o d y With increase in frequency from 402MHz to 405MHz the fading level of signal travelling from deep implant to on-body goes up.
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Figure 2(b). Fading in Channel Near-Surface Implant to on -body for Different Carrier Frequency
The propagation of signal from near-surface implant to on-body node faces more fading when there is increase in frequency from 402MHz to 405MHz.
Deep Implant to Implant:
Figure 2(c). Fading in Channel Deep Implant to Implant for Different Carrier Frequency
In deep implant to implant communication, the fading of the signal rises up with increase in frequency from the 420MHz to 405MHz. C h a n n e l g a i n f r o m n e a r -s u r f a c e i m p l a n t C h a n n e l g a i n f r o m d e e p i m p l a n t t o i m p l a n t C h a n n e l g a i n f r o m d e e p i m p l a n t t o i m p l a n t 
Near-Surface Implant to Implant:
Figure 2(d). Fading in Channel Near-Surface Implant to Implant for Different Carrier Frequency
In case of near-surface implant to implant channel model, the increase in frequency from 402MHz to 405MHz cause the corresponding rise in the fading level of the signal.
For calculation of mean fading in Table 2 , the values of velocity is 1.5+4*rand (rand function generate values from 0 to 1.), number of scatterers are 100 and sample rate is kept at 1 kHz.
Table 2. Mean Fading of Different Channel Models (CM1 & CM2)
As the value of carrier frequency increases, the amount of fading present in the channel also increased which is clear from the Figure 2 . From the Table 2 , it is clear that the amount of fading is lower at 402MHz as compares to the 405MHz of carrier frequency. C h a n n e l g a i n f r o m n e a r -s u r f a c e i m p l a n t t o i m p l a n t C h a n n e l g a i n f r o m n e a r -s u r f a c e i m p l a n t t o i m p l a n t From the above graph (Figure 3) , it is clear that performance of the channel deep implant to implant is better than other channel, while the near-surface implant to on-body shows the poorest results.
Outage Probability
In this section, the outage probability of channel model CM1 & CM2 are compared with respect to each other. Even the outage probability of channel models CM1 & CM2 of WBAN have been plotted for varying distance between transmitter and receiver.
Figure 4. Outage Probability of Different Channel Models (CM1 & CM2)
The outage probability of channel models CM1 & CM2 in Figure 4 , shows that the performance of deep implant to implant is better than another scenarios of CM1 & CM2. From Figure 5 , it is clear that performance of different channel models degrades with increase in distances from 50mm to 500mm. The more far away are the transmitter and receiver the more degradation is in the performance of the channel. O u t a g e P r ob a b i l i t y D e e p i m p l a n t t o i m p l a n t D i s t a n c e = 5 0 m m Di s t a n c e = 5 0 0 m m O u t a g e P r o b a b i l i t y f o r N e a r -s u r f a c e i m p l a n t t o i m p l a n t D i s t a n c e = 5 0 m m D i s t a n c e = 5 0 0 m m
In the above table 4, the rise in the outage probability is observed with increase in distance from 50m to 500mm.
Bit Error Rate
Bit Error Rate (BER) is the number of bits of error occurs within one second in the transmitted signal. Extensive simulations have been carried out in this work to observe the variations of the BER performance for PAM and BOK modulation [3] within the constraints specified by NICTA. In this graphs, y-axis represents bit error rate and x-axis represents signal to noise ratio (SNR). BER vs. SNR has been plotted for M-PAM and M-BOK modulation scheme as follow: From Figure 6 , it is clear that performance of 2-PAM is always better than that of 16-PAM. Even the results of 2-PAM is far better than BOK.
Conclusion
WBAN seems to be very prominent technology in the near future and various applications are being designed based on this technology in the health care sector. However there are various design challenges ahead of communication engineers to enable the WBAN based applications a reality. So in this work, extensive simulations have been carried out considering the different channel conditions of different channel models of WBAN. The results obtained in this paper shows that amount of fading is minimum in case of deep implant to implant channel. Even the increase in frequency or distance increases the fading of the corresponding channel. Even the amount of error in case of PAM modulation scheme is far less than Book's PAM modulation scheme at 402MHz of frequency and less distance provides more effective channel. Thus, the results obtained in this paper will be of great help in facilitating the network designers for systematic planning of the WBAN based products in the future.
